O ne of the most beneficial pieces of equipment to come out of the NASA space program was polycarbonate plastic, a polymer with a molecular structure which renders it extremely impact-resistant. This transparent plastic was first used for the astronauts' helmets and visors, and then found its way into industry. When used, impactresistant safety glasses can prevent eye injuries. This became evident during the 1988 Winter Olympics in Calgary, Canada. All the competitors wore safety glasses, and there were no reported eye injuries.
Within the work environment, about 1,000 eye injuries are sustained every working day by persons not wearing safety glasses. Five years ago, statistics gathered from emergency rooms by the Consumer Product Safety Commission revealed the number of automobile battery related eye injuries was a staggering 10,347 from exploded wet cell batteries. A campaign to change methods used to jump start cars helped reduce this occupational hazard.
Ocular trauma from recreational sports such as racquetball accounts for an .enormous number of eye injuries annually, according to one published study (Thackray, 1982) . Weekend survival games, such as splatball, burstball, and skirmish are several of the adult war games that have become increasingly popular in the United States and Canada. The gelatin and/or polyethylene pellets Within the work environment, about 1,000 eye injuries are sustained every working day by persons not wearing safety glasses.
used in these games splatter on impact and have contributed to a record number of eye injuries.
Obtaining and documenting a person's visual acuity is necessary to provide baseline documentation of the preinjury vision for medical and legal purposes (Boyd-Monk, 1987) . The Snellen chart is used at a 20 foot distance to measure the vision in each eye separately. The examiner should always start with the right eye (covering the left eye), so mistakes will not be made concerning which eye was checked first. The results of this test, which is performed following therapeutic intervention, can also reassure the individual that vision is not affected to the degree feared. Many times when the fear of visual loss is expressed, the examiner finds that the individual has the eyes shut tightly because of pain.
The occupational eye injuries seen by ophthalmologists are: corneal abrasions and foreign bodies; burns; blunt trauma; lacerating, penetrating, and contusion injuries; lens trauma; and vitreoretinal damage (Table) .
CORNEAL ABRASIONS AND FOREIGN BODIES
Although the eyelids protect and shield the eyeball from particulate matter, workers still often sustain corneal foreign body injury. Sometimes the foreign body can be seen on the cornea and can be dislodged by gentle irrigation with a sterile ophthalmic solution. When this occurs, the occupational health nurse must remember that the surface corneal epithelium is now damaged and is a target for infecting organisms.
In more serious cases in which the foreign body is embedded, the ophthalmologist will anesthetize the eye with a topical anesthetic and remove the foreign body with a moist swab, sterile needle, or foreign body spud while observing it under slit lamp magnification. If the foreign body cannot be seen, but the sensation of it remains, the foreign body might be lodged under the lid (flip the lid to look), or it may have been washed out by the tears. The sensation results from a corneal abrasion. Prophylactic antibiotic drops are prescribed for small abrasions and contact lens abrasions. Even when the latter are large, the eye is rarely patched because of the possibility of a corneal ulcer developing under the patch from an organism such as acanthoemeba (Boyd- Monk, 1987) .
Since metallic foreign bodies tend to leave a rust ring, they are treated differently. Using a slit lamp biomicroscope, the ophthalmologist examines the eye, ensures that the anterior chamber is not shallow, and measures the intraocular pressure before removing the foreign body. The iridocyclitis (associated with damage to the cornea) will be treated with a cycloplegic eye drop such as Scopalamine 0.25%. However, cycloplegics are contraindicated when there is a shallow anterior chamber, for the pupillary dilitation which will be achieved by the drop may cause the patient to develop an iatrogenic attack of acute angle closure glaucoma in cases where there is too little room in the anterior chamber to facilitate the contraction of the dilator muscle of the iris.
An antibiotic ointment are prescribed, and a pressure patch is applied to the eye for 12 to 24 hours. The next day the rust ring is removed. Since there is a break in the corneal epithelium (abrasion), antibiotic drops are prescribed prophylactically.
A word of warning is needed about complaints of a foreign body sensation. The most common type of corneal ulcer caused by the herpes simplex virus often manifests itself with this symptom. The dendritic ulcer, as it is called, may appear in a tree like configuration when stained with fluorescein dye. Antiviral drugs are available to treat this disease. Left untreated, herpes simplex viral corneal ulcer can lead to blindness.
Staining the Cornea
Fluorescein dye is used to stain the cornea when an abrasion is suspected. Since the corneal epithelium's integrity may be broken, it is essential that both the fluorescein strip and the ophthalmic solution used to moisten it are sterile. This ensures that if an abrasion is present, no bacterial contaminant will be introduced into the wound. To perform the procedure (Figure) : wet the sterile fluorescein strip with sterile solution; pull the patient's lower lid down gently and expose the conjunctival cul-de-sac; briefly touch the wet strip gently against the conjunctiva, and ask the patient to blink. The abraided cornea will stain green.
BURNS

Chemical Burns
In an industrial setting, the splashing of chemicals into the eyes often occurs despite safety measures. Acid industrial chemicals burn the cornea and coagulate conjunctival protein.
If the chemical is alkali, it gets into the deeper structures of the eye within minutes, disrupts function, and ultimately destroys the tissues.
Immediate irrigation with water is the most important action to be taken in an effort to neutralize the substance as quickly as possible. Showering or holding the eyes open under the water faucet are all effective initial methods of washing the chemical from the area. In addition, various commercial eye irrigators are available.
If the water is contaminated, the possibility of inoculating a damaged tissue with bacteria is present. The safest method is to irrigate the eye using sterile normal saline solution administered through intravenous tubing. One liter should be used for each eye, but the irrigation of the eyes should be alternated if they are both involved. The stream is directed at the innercanthus, and allowed to flow over the cornea. The excess water is caught in a rolled up towel placed against the injured person's head.
The injured person should then be referred to an ophthalmologist, and further irrigation will most likely be done, along with debridement if particulate matter is embedded in the eye. Steroid, antibiotic, and cycloplegic eye drops will be ordered.
From a treatment standpoint, it is important for the ophthalmologist to know if the contaminating chemical substance is acid or alkali. When the occupational health nurse refers the injured person for health care, the name and, if possible, the container of the chemical substance should accompany the person. A chemical bum's outcome will depend on the pH of the substance and the amount of the initial damage that was done. Acid burns, depending on pH , have a much better prognosis than alkali burns.
Thermal burns are caused by scalding hot water, fire, exploding matches, the lighted end of a cigarette, or mechanical instruments such as a welding rod or a speck of heated solder. Usually these burns affect the eyelids, but can be damaging enough to disrupt the tissues of the eyeball as well. Reflex lid closure usually prevents corneal damage, but in one case of electrocution which resulted from a welding rod, the burn went right through the lid, causing third degree burns to the eyeball itself. The affected person will complain of pain. Vision mayor may not be affected. The lids may appear red and edematous on examination, and , if they have been destroyed, will leave the comea exposed.
A bubble shield is ideal for protecting the cornea in this circumstance. However, an eye shield covered with plastic wrap will keep the tears from evaporating. Ophthalmologic attention is essential, for even though a thermal burn may not look bad initially, a third degree burn of the tissues can lead to destruction of the eye later.
Radiation Burns
Actinic burns can result from a "welder's flash" in the industrial setting. Other common causes are sunshine, sun lamps, and the reflection from snow when a skier does not wear goggles. The chief complaint is pain, while symptoms of photophobia, tearing, and blepharospasm generally appear about 5 to 6 hours after the exposure. Visual acuity varies from normal to slightly decreased. On examination the pupil is found to be constricted (spastic miosis) and the injured person complains of pain when light is directed into the eye.
Slit lamp examination is performed to ascertain that the anterior chamber is not shallow. Treatment consists of a short acting cycloplegic eye drop instilled into the eye to counteract the pain due to secondary iritis. Topical antibiotic drops will prevent infection. A pressure patch placed on the eye for about 12 hours to keep it shut will assist healing. Analgesics are prescribed for pain.
BLUNT TRAUMA
Blunt trauma can produce a contusion injury of the eye, damaging the Boyd-Monk eyeball by direct contact. Blunt forces also may cause a concussion injury from a blow that does not strike the eye directly. The injury source impacts the head and transmits energy waves, which are conducted through the surrounding tissues to the eye. A good example is an explosion in which the concussion energy is conducted by air. The extent of the injury may not be known immediately. Though hemorrhage and a dislocated lens decrease the vision, a cataract or retinal detachment may not develop until later in the posttrauma time course. The occupational health nurse should remember that a ruptured globe is the worst result of this type of injury. Many of the following entities can occur alone or in combination.
Ecchymosis occurs when a hemorrhage into the lids results from either a contusion or a concussion injury. Usually ecchymosis, or black eye, does not appear until some time after the initial injury, but other ocular structures may be involved in conjunction with this injury. Vision should be unaffected unless the eyelids are swollen so they cannot be opened . Ice chips wrapped in a plastic bag, towel, or gauze may retard further bleeding. Moistened gauze should be applied to the ocular area prior to application of the ice to avoid "burning" the tissues.
Subconjunctival hemorrhage is caused by bleeding under the conjunctiva, and appears as a red circumscribed area. Usually it is spontaneous, but it can be precipitated by a cough or sneeze, or it may result from a direct injury, such as a poke in the eye with a fingernail or piece of paper. The blood pressure should be checked because a subconjunctival hemorrhage can occur with hypertension; it has been known to occur as a sign of high blood pressure in pre-eclampsia. The hemorrhage will absorb without any special treatment and vision is unaffected unless there is intraocular damage. However, a good health history is important, because a Kaposi's sarcoma of the conjunctiva can be mistaken for a subconjunctival hemorrhage.
Hyphema is the term used for blood in the anterior chamber. It may be a minute amount or may fill the anterior chamber. Vision is decreased. Two of the most severe hyphemas the author has encountered resulted from such ordinary objects as an egg and a cucumber being thrown in "play" in a work situation. Blindness in the affected eye resulted.
As a first aid measure, the injured person should be seated in an upright position so the blood can settle by gravity. The eye should be shielded. Referral to an ophthalmologist should be made since about 30% of these injured persons re-bleed with resultant secondary glaucoma. If the blood does not clear and the intraocular pressure remains high, blood staining of the cornea can occur. Usually the blood takes 3 to 5 days to clear, during which time the person must maintain bed rest. Atropine sulfate 1% eye drops are prescribed.
Traumatic iritis, though not as damaging as a hyphema, causes the injured person incredible pain. The iris goes into spasm when a person is hit in the eye. Symptoms include pain, photophobia, and tearing. Usually the pain seems to be much worse the day after the injury has occurred. Wearing dark glasses decreases the light sensitivity. Vision may be Sudden vision loss should always be treated as an emergency, and ophthalmologic attention should be sought.
blurred. The problem resolves once a short acting cycloplegic is instilled in the eye. The eye must be checked by an ophthalmologist to see that the anterior chamber is not shallow before this type of drug is used; otherwise, it could cause an angle closure glaucoma.
LACERATING, PENETRATING, AND CONTUSION INJURIES Lid Lacerations
Even the most minor lid laceration needs surgical attention. The minute laceration which occurs in the inner canthus may involve the area through which tears drain-ealled the lacrimal canaliculus-which will result in a chronic tearing problem if not kept patent (Boyd-Monk, 1987 ). If tissue is completely severed from the lid, the torn segment should be wrapped in moist, clean (sterile if possible) gauze, and sent with the person to the emergency department. The lid area is very vascular, and the piece can be grafted back quite successfully. The tissue should never be frozen, since this will destroy it.
Corneal/scleral laceration can occur as a result of contact with any sharp instrument like a screwdriver, scissors, wire, knife, or projectile such as a piece of metal thrown by a lawn mower. Vision may immediately decrease to only light perception in the injured eye. A lacerated cornea may permit the escape of aqueous humor, and subsequently, the iris prolapses into the wound to plug it, causing the pupil to become irregular. If the laceration extends beyond the limbus (corneal-scleral junction), this is considered a much more serious injury.
LENS TRAUMA
Two mechanisms of traumaconcussion and penetration-can damage the lens. A concussion injury received from a blow to the head can dislocate or subluxate the lens. In the case of penetrating injury, the lens capsule can be ruptured, causing a traumatic cataract to form. Vision will decrease immediately in the injured eye. A careful history will reveal that something flew into the worker's eye.
It is important to ascertain if there is an occupational history of using equipment such as a hammer and nails, since it is possible that a sliver of steel has shot off at high velocity and penetrated the eye (Boyd-Monk, 1988) .
Ophthalmology referral as soon as possible is important, for at this time the lens may be clear enough for an ophthalmoscopic fundus examination to be performed. Within 12 hours, however, the lens becomes cloudy, making visualization of any retinal damage difficult. A magnet is often used successfully to remove a magnetic object. However, in some circumstances removal is only possible when the surgical procedure called a vitrectomy is performed. The injury will be treated as a surgical emergency if an intraocular foreign body is identified. Prognosis for vision is guarded, and often it is many months after vitrectorny sur-. gery before the prognosis can be assessed. ers that the practice of wearing safety glasses should be adhered to, but ultimately persons are responsible for their own actions. Finally, occupational health nurses who carry out a careful assessment of the traumatized eye and who identify those persons needing immediate attention can take a pride in knowing that they have played a part in saving the most precious sense-vision.
VITREORETINAL DAMAGE
saved.
Often there is a history of an injury which is followed by "flashing lights," "showers of floaters," and minutes to years after, a defect in the visual field may be described (Boyd-Monk, 1988) . The astute occupational health nurse who recognizes the first two symptoms as early warning signs of retinal damage may prevent the myopic person from developing a retinal detachment.
Occupational health nurses can make a difference. Recently, the author had the occasion to tell an acquaintance to seek immediate attention based on just such a history. In the emergency department of an eye hospital, fundoscopic examination with an indirect ophthalmoscope through dilated pupils revealed seven holes in the peripheral retina. The next morning, the injured person received cryotherapy to seal the holes. No retinal detachment had developed, and the person's vision was fine.
CONCLUSION
In summary, the number of eye injuries which occur in both the home and in industry can be substantially decreased when everyone has an awareness of the importance of eye safety. In the work place, employees often need constant remind-
